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Abstract 
The order↔disorder transition in Fe71Al29 alloy has been investigated using internal friction and differential scanning 
calorimetry (DSC) methods. It has been shown that the disordered Fe71Al29 alloy can be ordered by either furnace-
cooling or ageing at 350oC. The ordered Fe71Al29 alloy can also be disordered when it is heated. Ordering reaction 
corresponds to the B2→DO3 transition. Initial disordering is resulted from the DO3→B2 transition at about 435oC for 
the present aged Fe71Al29 alloy. 
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1. Introduction 
Recently Fe-Al alloys with compositions around Fe3Al hold great potential as high temperature 
structural materials and thereby have undergone extensive studies of microstructures and properties [1-3]. 
Since the microstructures and properties depend on the order-disorder transition to large extent, many 
studies have been focused on the transitional process and features, and produced some Fe-Al phase 
diagrams [4-6]. According to these phase diagrams, there are two ordering transitions during equilibrium 
cooling, i.e., A2→B2 and B2→DO3. The former transition can be completed by an ordering reaction 
 
* Corresponding author. Tel.: +86-512-66875482  
E-mail address: zhouzhengcun@126.com  
Open access under CC BY-NC-ND license.
© 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of [CEIS 2011] 
Open access under CC BY-NC-ND license.
4544  Z.C. Zhou et al. / Procedia Engineering 15 (2011) 4543 – 45472 Z. C. Zhou, et al/ Procedia Engineering 00 (2011) 000–000 
between nearest-neighbour atoms and the latter by further ordering between next-nearest-neighbour atoms 
[7]. 
In order to add the understanding of the order-disorder transition in Fe-Al alloys, in the present work, 
internal friction and differential scanning calorimetry (DSC) methods are applied to investigate the order-
disorder transitional features of the Fe71Al29 alloy during heating. 
2. Experimental procedures 
Fe71Al29 alloy ingot was prepared in a vacuum induction furnace. The commercially pure Fe and Al 
were melted at about 1600oC and poured into a mould with a diameter of 40 mm. The specimens used in 
the internal friction measurement were cut using an electric sparkle machine from the ingots and had a 
dimension 68×1.7×0.9 mm. In order to obtain different specimen states, the specimens were heated to 500, 
600, 900oC for one hour in an argon atmosphere, followed by furnace cooling or air cooling. 
The internal friction (Q-1) and the dynamic modulus were measured using a computer-controlled 
automatic inverted torsion pendulum through free-decay and forced vibration method. This apparatus 
basically consists of an inverted torsion pendulum, a temperature programmer, and a photoelectron 
transformer. The whole measurement is controlled using an IBM* computer and an 8087 processor, and 
the data can be processed in real time. The range of the maximum excitation torsion strain amplitude is 
10-6−10-4. The resolution in the internal friction measurement is 1×10-4. The specimen structure was 
determined by XRD (x-ray diffraction) at room temperature ( Cuλ =1.54056 Å). 
The variation of heat flow rate with temperature was completed by DSC using a Shimadzu DSC-50 
unit. Samples of about 80 mg were used, initially in an ordered state (900oC for 1 hour followed by 
furnace-cooling and then aged at 350 oC for 100 hours), which was heated to a temperature of 500oC 
under nitrogen atmosphere at the heating rate of 40oC/min. 
3. Results and discussion 
Under equilibrium cooling condition, Fe71Al29 alloy are known to have an ordered DO3 structure at 
temperatures below 550oC, with the B2 structure at slightly higher temperatures, eventually disordered 
A2 structure at higher temperatures [5]. Nevertheless, the ordered structure can be suppressed by rapid 
cooling from high temperatures, allowing the disordered structure at high temperatures to be retained at 
room temperatures. Fig.1 shows the XRD results of the air-cooled and furnace-cooled Fe71Al29 alloy. 
Obviously, there is a (100) reflection on the curve of furnace-cooled alloy that is a direct evidence of 
ordering transformation corresponding to the ordered DO3 structure [8]. On the contrary, there is no (100) 
reflection on the curve of air-cooled alloy, indicating that the air-cooled alloy is disordered, while the 
furnace-cooled alloy is ordered. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 XRD results of furnace-cooled and air-cooled Fe71Al29 alloy 
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Fig. 2  DSC plots of Fe71Al29 alloy ordered at 350oC for 100 hours  
during heating at the temperature rate of 40oC/min. 
 
 
 
 
 
Fig. 2 shows the DSC curve of ordered Fe71Al29 alloy during heating at rate of 40oC/min. It can be seen 
that there is an endothermic peak at about 435oC on the curve. According to Fe-Al binary phase diagrams 
[6], ordered DO3 structure can be transformed into B2 structure at about 500oC for Fe71Al29 alloy. The 
present temperature is close to the transformation temperature of DO3→B2, which is reasonable since the 
ordered Fe71Al29 alloy possesses DO3 structure. When ordered DO3 structure is heated to the 
transformation temperature of DO3→B2, it can be transformed into B2 structure. It has been shown that 
the start temperature of disordering on heating is about 350-400oC and rapid partial disordering 
temperature is about 450oC [1]. The DO3→B2 transition at 435oC in the present ordered Fe71Al29 alloy is 
also accompanied by the occurrence of rapid partial disordering. 
 
 
 
 
 
Fig. 3 The internal friction as a function of temperature for three 
specimens with different states 
 
 
 
 
 
 
 
 
 
 
In addition, ordered and disordered Fe71Al29 alloys have different internal friction behaviour, which can 
be seen in Ref. [9-10]. There are three internal friction peaks in the disordered Fe71Al29 alloy on the 
internal friction-temperature curves. Only one internal friction peak appears on the internal friction-
temperature curves for the ordered Fe71Al29 alloy. The internal friction peak height increases with 
increasing the disorder degree.  From Fig. 3, it can be seen that the internal friction peak can not be 
clearly observed for the alloy aged at 350oC for 100 hours. The internal friction peak obviously appears 
when the Fe71Al29 alloy is quenched from 500oC, indicating that disordering has occurred at 500oC, in 
agreement with the DSC results. 
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Fig.4 Atom distribution in the bcc cells of Fe-Al lattice: Open circle (○) indicates 
 position. Solid circle (●) indicates b  position. Grey circle (☺) indicates d  
position. Perfect DO3 structure means that a  and  positions are occupied by Fe 
atoms and b  position is occupied by Al atoms. B2 structure means that a  
positions are occupied by Fe atoms and b  positions are occupied by Al atoms. 
Disordered A2 structure means Fe and Al atoms randomly occupy  sites. 
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There are three different structures in Fe-Al alloys that are A2, B2 and DO3 structures. Al and Fe atoms 
occupy different sublattic positions, as shown in Fig. 4. Fe and Al atoms randomly occupy  sites 
in disordered A2 structure. Al atoms occupy  positions and Fe atoms are located on a  position in 
B2 structure. For perfect ordered DO3 structure, a  and d  positions are occupied by Fe atoms and b  
position is occupied by Al atoms. The structures have dependence on Al contents as well as temperature. 
At room temperature, the Fe-Al alloys with less than 22(at.)%Al have A2 structure and the Fe-Al alloys 
with 23-36(at.)%Al possess DO3 structure. The Fe-Al alloys with B2 structure contain 36-52(at.)%Al. 
According to Ref. [1], order transformation can occur in a quite wide temperature range, e.g. from 250oC 
to 500oC. Therefore, the present Fe71Al29 alloy aged at 350oC should possess DO3 structure, which can be 
transformed into B2 structure during heating. 
dba ,,
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4. Conclusions 
Air-cooled Fe71Al29 alloy has a disordered structure and furnace-cooled or aged alloy is ordered. 
Ordered alloy can be disordered by heating and disordered alloy can be ordered by ageing at low 
temperature. Initial disordering is resulted from the DO3→B2 transition at about 435oC for the present 
aged Fe71Al29 alloy. The disorder degree increases with increasing air-cooled temperature. 
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